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Description 

DEEP-TRENCH IT-SRAM WITH BURIED 
OUT DIFFUSION WELL MERGED WITH AN 
ION IMPLANTATION WELL 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the field of deep-trench 
semiconductor memory devices, and more particularly, to 
a deep-trench one-transistor static random access mem- 
ory (IT-SRAM) device and fabrication method thereof. 

[0003] 2. Description of the Prior Art 

[0004] Semiconductor memory devices such as random access 
memory (I^M) devices typically include a number of 
memory cells coupled to at least one bit line. The memory 
cells often include at least one storage device, storage 
node, and pass gate transistor. Generally, in a static ran- 
dom access memory (SRAM) cell, two storage devices such 
as drive transistors are coupled between two pass gate 



transistors, and a bit line is coupled to eacli of tlie pass 
gate transistors. Tlius, each memory cell is often located 
between two bit lines.The pass gate transistors (e.g., 
transfer gates) have gate electrodes that are coupled to 
word lines. A signal such as an address or select signal is 
provided on the word line associated with the memory cell 
to select or access a particular memory cell. Once the 
memory cell is selected via the word line, the memory cell 
can be read or written to through the pass gate transistors 
via the bit lines. 
[0005] For system-on-chip (SoC) designers, memory-intensive 
applications in communications, graphics and personal 
electronics continue to accelerate the need for larger, 
faster embedded memory arrays in more complex SoC de- 
vices. Already, the memory content of typical SoCs has 
grown to replace logic as the largest component of these 
highly integrated devices and memory content will heavily 
dominate logic within a few years. Accordingly, embedded 
memory continues to exert the largest influence on SoC 
yield, cost, speed and reliability. By taking advantage of 
evolutionary trends in memory technology, however, de- 
signers can substantially improve cost, quality and perfor- 
mance of SoCs comprising great numbers of large mem- 



ory blocks. 

[0006] As technology advances, memory cell size has steadily 

decreased so more memory cells can be located on a sin- 
gle semiconductor substrate. Additionally, power supply 
has decreased. The decreased memory cell size and power 
supply reduces the amount of charge stored at each of the 
storage nodes. The trend of decreasing charge storage 
per node makes the memory cell more susceptible to 
charge loss due to parasitic leakage problems. In 1999, 
MoSys, Inc. (founded in 1991) announced a high perfor- 
mance, high-density, and cost-effective RAM architecture 
known as "IT-SRAM" technology, which uses a single 
transistor cell to achieve its exceptional density while 
maintaining the refresh-free interface and low latency 
random memory access cycle time associated with tradi- 
tional six-transistor SRAM cells. 

[0007] Embedded IT-SRAM allows designers to get beyond the 
density limits of six-transistor SRAMs; it also reduces 
much of the circuit complexity and extra cost associated 
with using embedded DRAM. IT-SRAM devices can be 
fabricated in either pure logic or embedded memory pro- 
cesses using as little as one ninth of the area of traditional 
six-transistor SRAM cores. In addition to the exceptional 



performance and density, this teclinology offers dramatic 
power consumption savings by using under a quarter of 
the power of traditional SRAI\/I memories. Some disclo- 
sures regarding the above-said IT-SRAM technology may 
be found in U.S. Pat. No. 6,028,804, entitled "Method and 
apparatus for IT-SRAM compatible memory" or in U.S. 
Pat. No. 6,573,548, entitled "DRAM cell having a capacitor 
structure fabricated partially in a cavity and method for 
operating same", which are incorporated herein by refer- 
ence. 

[0008] However, the above-said IT-SRAM has the following 
drawbacks. First, each single memory cell of such 
IT-SRAM memory still takes a chip surface area of about 

2 

0.5~0.6nm , even fabricated by using state-of-the-art 
semiconductor manufacturing process. The fabrication 
cost for such prior art IT-SRAM is still high (about 4% 
higher than standard logic process). Furthermore, only 
small capacitance gain (about 3~7fF) is benefited from the 
above-said IT-SRAM technology. Moreover, the above- 
said IT-SRAM technology has severe isolation problem 

between two neighboring capacitors. 
Summary of Invention 

[0009] Accordingly, the primary object of the present invention is 



to provide a deep-trench IT-SRAM and logic-compatible 
manufacturing method thereof to solve the above- 
mentioned problems. 
[0010] According to the claimed invention, a deep-trench 
IT-SRAM memory cell is disclosed. The deep-trench 
IT-SRAM memory cell includes a first conductivity type 
semiconductor substrate with a main surface. A second 
conductivity type ion implantation well with a well Junction 
depth is located on the main surface. A gate dielectric 
layer is located on the ion implantation well. A gate is lo- 
cated on the gate dielectric layer. A heavily doped S/D re- 
gion of the first conductivity type is disposed at one side 
of the gate in the ion implantation well. A lightly doped 
drain (LDD) region of the first conductivity type is dis- 
posed at the other side of the gate in the ion implantation 
well. A deep trench capacitor vertically extends into the 
main surface through the well junction depth of the ion 
implantation well to a pre-selected depth. The deep 
trench capacitor, which is fabricated adjacent to the LDD 
region, comprises an ion out diffusion well of the second 
conductivity type that is formed at a lower portion of the 
deep trench capacitor and is merged with the ion implan- 
tation well. A polysilicon electrode pillar is electrically iso- 



lated from the LDD region, the ion implantation well, and 
the ion out diffusion well by a capacitor dielectric layer 
and a trench top insulation layer. 

[0011] In one aspect of the present invention, the deep-trench 
IT-SRAM memory cell has a buried out diffusion well 
that is merged with the ion implantation well formed on 
the main surface of the substrate. The buried N"^ out dif- 
fusion well and the ion implantation well serve as a capac- 
itor plate when in operation, thereby achieving higher ca- 
pacitance and lower leakage characteristics. 

[0012] It js to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, but are not restrictive, of the invention. Other ob- 
jects, advantages, and novel features of the claimed in- 
vention will become more clearly and readily apparent 
from the following detailed description when taken in 

conjunction with the accompanying drawings. 
Brief Description of Drawings 

[0013] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 



of the invention. In tlie drawings: 
[0014] Fig.l is a scliematic cross-sectional diagram illustrating 
the substrate or memory chip after the deep trench etch- 
ing according to the preferred embodiment of this inven- 
tion; 

[0015] Fig. 2 is a schematic cross-sectional diagram illustrating 
the substrate or memory chip after forming the buried N"^ 
out diffusion well according to the preferred embodiment 
of this invention; 

[0016] Fig. 3 is a schematic cross-sectional diagram illustrating 
the substrate or memory chip after the formation of the 
capacitor dielectric layer and the polysilicon layer of the 
deep trench capacitors according to the preferred embod- 
iment of this invention; 

[0017] Fig. 4 is a schematic cross-sectional diagram illustrating 
the substrate or memory chip after the formation of the 
deep trench capacitors according to the preferred embod- 
iment of this invention; 

[0018] Figs.5~7 are schematic cross-sectional diagrams illustrat- 
ing the active area definition and STI formation according 
to the preferred embodiment of this invention; 

[0019] Fig. 8 is a schematic cross-sectional diagram illustrating 
the substrate or memory chip after logic gate/ 



PLDD/source/drain formation according to tlie preferred 
embodiment of tiiis invention; and 
[0020] Fig. 9 is a scliematic cross-sectional diagram illustrating 
the substrate or memory chip after share contact and bit 
line contact formation according to the preferred embodi- 
ment of this invention. 
Detailed Description 

[0021] Please refer to Fig. 9. Fig. 9 is a schematic cross-sectional 
diagram illustrating the structure of deep-trench capacitor 
1T-SI^I\/I according to one preferred embodiment of the 
present invention. As shown in Fig. 9, the deep-trench ca- 
pacitor IT-SRAM cell comprises a first conductivity type 
semiconductor substrate 10 having a main surface 11, a 
second conductivity type ion implantation well 20 with a 
pre-determined well junction depth, say 1 micrometer, lo- 
cated on the main surface 11 of the semiconductor sub- 
strate 10, and a gate dielectric layer 72 formed on the ion 
implantation well 20. A conductive gate 81 is disposed on 
the gate dielectric layer 72. A first conductivity type heav- 
ily doped region 101 is disposed in the ion implantation 
well 20 at one side of the conductive gate 81. A lightly 
doped drain (LDD) region 102 of first conductivity type is 
disposed at the other side of the conductive gate 81 op- 



posite to the heavily doped region 101 in the ion implan- 
tation well 20. A deep trench capacitor 120, which is 
formed in a deep trench that is etched vertically into the 
main surface 11 of the semiconductor substrate 10 
through the well Junction depth of the ion implantation 
well 20, is fabricated adjacent to the LDD region 102. As 
specifically indicated, the deep trench capacitor 120 verti- 
cally extends down into the semiconductor substrate 10 
to a depth of about 3~5 micrometers from the main sur- 
face 11. 

[0022] The deep trench capacitor 120 comprises a buried ion out 
diffusion well 25 of second conductivity type that is 
formed at a lower portion of the deep trench capacitor 
120. This invention features that a top portion of the 
buried ion out diffusion well 25 is merged with the ion 
implantation well 20. The deep trench capacitor 120 fur- 
ther comprises a polysilicon electrode pillar 34 that is 
electrically isolated from the LDD region 102, the ion im- 
plantation well 20, and the buried ion out diffusion well 
25 by a node/capacitor dielectric film 32 and an STI layer. 
A trench top insulation layer 105 having a thickness of 
about 200~400 angstroms is disposed atop the polysili- 
con electrode pillar 34. 



[0023] An exemplary method for fabricating tlie deep-trench ca- 
pacitor 1T-SI^I\/I according to one preferred embodiment 
of the present invention will be explained in detail with 
reference to Figs.l~9. 

[0024] As shown in Fig.l, a substrate 10 such as a P type doped 
silicon substrate is provided. An N well 20 is formed on a 
main surface 11 of the substrate 10. The well junction 
depth of the N well 20 is about 0.5~1.5 micrometers, 
preferably about 1 micrometer. A pad layer 100 compris- 
ing a pad oxide layer 12 and a pad nitride layer 14 is de- 
posited over the main surface of the substrate 10. Deep 
trenches 15 and 16 are then etched into the main surface 
11 of the substrate 10 through the well junction depth of 
the N well 20 to a depth of about 3~5 micrometers, 
preferably 3.5 micrometers, by using any suitable meth- 
ods such as conventional lithographic process and dry 
etching process known in the art. 

[0025] As shown in Fig. 2, a high concentration N type dopants 
are implanted into the deep trenches 15 and 16 on their 
lower sidewall below the main surface 11 of about 
4000~6000 angstroms as well as their bottom surface, 
thereby forming a buried N"^ out diffusion well. To accom- 
plish such doping, for example, a thin arsenic silicate 



glass (ASG) film 21 is first deposited on interior surface of 
the deep trenches 15 and 16. A photoresist layer (not 
shown) is deposited on the ASG film 21 and fills the deep 
trenches 15 and 16. The photoresist layer is then etched 
back selective to the underlying ASG film 21 to a surface 
level about 4000~6000 angstroms below the main surface 
11 of the substrate 10. The exposed ASG film 21 is then 
removed. After stripping the remaining photoresist layer, 
a thermal process such as RTP is carried out to drive in 
the dopants (i.e., As) from the ASG film 21 into the sub- 
strate 10. Subsequently, the ASG film 21 is removed. In 
another case, a heavily doped polysilicon layer may be 
used. It is to be understood that if the heavily doped 
polysilicon layer is used, it may be left in place after out 
diffusion. It is specifically indicated in Fig. 2 that the top 
portion of the buried N"^ out diffusion well 25 formed at 
the lower portion of the deep trenches 15 and 16 is 
merged with the N well 20. 
[0026] As shown in Fig. 3, a capacitor dielectric layer 32 is de- 
posited on interior surface of the deep trenches 15 and 
16, and also on the surface of the pad layer 100. In accor- 
dance with the preferred embodiment of the present in- 
vention, the capacitor dielectric layer 32 is an oxide-ni- 



tride-oxide (ONO) dielectric layer, but not limited thereto. 
An N type doped polysilicon layer 34 is then deposited on 
the capacitor dielectric layer 32 and fills the deep trenches 
15 and 16. 

[0027] Subsequently, as shown in Fig. 4, the polysilicon layer 34 
is etched back to a pre-selected surface level inside the 
deep trenches 15 and 16 about 100~400 angstroms, 
preferably 200~300 angstroms, below the main surface 
11 of the substrate 10. Thereafter, the exposed capacitor 
dielectric layer 32 that is not covered by the polysilicon 
layer 34 is etched away by using any suitable methods 
such as wet etching, thereby forming deep trench capaci- 
tors 120 and 140. At this time, recess openings 45 and 46 
are formed at each top of the deep trenches 15 and 16. 

[0028] As shown in Fig. 5, logic shallow trench isolation (ST!) 
module is then carried out. In accordance with the pre- 
ferred embodiment of this invention, a dielectric layer 52 
such as borosilicate glass (BSC) is deposited on the sub- 
strate 10 and fills the recess openings 45 and 46. A pho- 
toresist layer 54 is then formed on the dielectric layer 52. 
The photoresist layer 54, which is patterned by using a 
conventional lithographic process, has an opening 55 
defining STI regions to be etched into the substrate 10. In 



another preferred embodiment, an anti-reflection coating 
(ARC) layer may be disposed between the photoresist layer 
54 and the dielectric layer 52, but this is not germane to 
the invention. Then, using the photoresist layer 54 and 
the dielectric layer 52 as an etching mask, an an isotropic 
dry etching is carried out to etch the dielectric layer 52, 
the pad layer 100, the substrate 10, a portion of the 
doped polysilicon layer 34 and capacitor dielectric layer 
32 through the opening 55. As shown in Fig. 6, an STI re- 
cess 60 is formed after removing the remaining photore- 
sist layer 54 and dielectric layer 52. 
[0029] As shown in Fig. 7, a high-density plasma chemical vapor 
deposition (HDPCVD) is carried out to deposit an HDP ox- 
ide layer 62 on the substrate 10 and fills the STI recess 
60. A conventional chemical mechanical polishing (CMP) is 
then performed to polish the HDP oxide layer 62 using the 
pad layer 100 as a polishing stop layer, thereby obtaining 
a planar topography of the substrate 10. The remaining 
pad layer 100 is stripped off. A standard logic process is 
then carried out. A new gate oxide layer 72 having a 
thickness of about 10~100 angstroms is grown on the ex- 
posed substrate surface by using a thermal oxidation 
method. 



[0030] As shown in Fig. 8, a polysilicon layer (not sliown) is de- 
posited on the gate oxide layer 72 and then patterned into 
a plurality of gate structures 81, 82, 83, and 84 by using a 
conventional lithographic process and dry etching pro- 
cess, wherein the gate 81 is an access gate of the deep 
trench capacitor 120, the gate 84 is an access gate of the 
deep trench capacitor 140, the gates 82 and 83 are pass- 
ing gate lines that are isolated from the underlying deep 
trench capacitors 120 and 140 by a trench top insulation 
layer 105. Using the gate structures 81, 82, 83, and 84 as 
an implantation mask, a P-type lightly doped drain/source 
(LDD or LDS) ion implantation process is performed to 
form PLDD 102 at a side of respective gates 81 and 84 in 
the N well 20, which is adjacent to the deep trench capac- 
itor thereof. After forming logic spacers on sidewalls of 
the gates, and using a suitable mask, P"^ doping is then 
carried out to form a P^ source/drain region 101 at the 
other side of the gates 81 and 84 in the N well 20. 
Through the P channel underneath the gate 81, data may 
be read from or written into the deep trench capacitor 
120. Through the P channel underneath the gate 84, data 
may be read from or written into the deep trench capaci- 
tor 140. Subsequently, an inter-layer dielectric (ILD) layer 



90 is deposited on tlie substrate 10. Tlie ILD layer 90 cov- 
ers tlie gates and fills the inter spacing between gates. 
The ILD layer 90 may be BSC, BPSG, silicon dioxide, or the 
like, which are not germane to this invention. 

[0031] As shown in Fig. 9, a conventional lithographic process 
and dry etching process is performed to form a share 
contact opening in the ILD layer 90. The share contact 
opening exposes a portion of the top surface of the 
polysilicon electrode pillar 34 of each of the deep trench 
capacitors 120 and 140. Conductive material such as 
tungsten or the like is the deposited into the share con- 
tact opening so as to form a share contact plug 201 that 
penetrates through the trench top insulation layer 105 to 
the polysilicon electrode pillar 34. Bit line contacts 202 
are also formed in the ILD layer 90 to electrically connect 
the P"^ source/drain region 101 to a bit line (not shown). 

[0032] In operation, taking the left IT-SRAM cell of Fig. 9 as an 
example, the gate 81 is biased to a gate voltage such that 
a horizontal P channel under the gate 81 is turned on. The 
P^ source/drain region 101 is biased to a bit line voltage. 
A negative voltage is applied to the polysilicon electrode 
pillar 34 via the share contact plug 201 and thus induces 
a vertical P channel (not explicitly shown) between the 



PLDD 102 and the buried out diffusion well 25. Based 
on the above-mentioned conditions, holes drift from the P 
source/drain region 101, through the turned-on horizon- 
tal P channel under the gate 81, the PLDD 102, the in- 
duced vertical P channel, then to the buried out diffu- 
sion well 25. 

[0033] It is understood that, while the detailed drawings and 

specific examples given describe the preferred exemplary 
embodiment of the present invention, it is for the purpose 
of illustration only. The device and method of the inven- 
tion is not limited to the precise details, geometries, di- 
mensions, and conditions disclosed. For example, al- 
though particular layers are described as being particular 
sizes, other sizes could be utilized. Further, although 
polysilicon is used as exemplary conductive material, 
other conductive materials may be utilized. Those skilled 
in the art will readily observe that numerous modifications 
and alterations of the present invention may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



